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METHODS AND APPARATUS FOR ROTOR 
OVERSPEED AND OVERBOOST PROTECTION 

BACKGROUND OF THE INVENTION 

This invention relates generally to gas turbine engine rotors and, more 
particularly, to rotor protection systems to prevent a rotor over-speed condition. 

Gas turbine engines typically include over-speed protection systems 
that provide rotor over-speed protection. Typically the over-speed protection systems 
either maintain rotor speed below critical rotor speeds or shut off fuel flow to an 
engine combustor. One type of known protection system receives signals indicative of 
rotor speed from mechanical speed sensors. The mechanical speed sensors include 
rotating flyweight sensing systems that indicate an over-speed condition as a result of 
the rotor rotating above the normal operational maximum speeds, yet below the 
structural failure limits. The flyweight sensing systems are hydro-mechanically 
coupled to a fuel bypass valve, and the fuel bypass valve reduces an amount of fuel 
that can be supplied to the engine if an overspeed condition is sensed. 

Other types of known over-speed protection systems receive over- 
speed signal information from electronic control sensors. Known electronic controls 
15 derive over-speed conditions from such electronic control sensors. Such systems 
provide for rapid fuel shutoff and resulting engine shutdown if engine speed exceeds a 
normal maximum value. 

BRIEF SUMMARY OF THE INVENTION 

In an exemplary embodiment, a gas turbine engine includes a rotor 
overspeed protection system to prevent the engine rotor from operating at a speed 
20 grater than a pre-set operational maximum speed. The engine rotor protection system 
is coupled to a fuel metering system that supplies fuel to the engine. The fuel 
metering system includes a fuel metering valve in flow communication with a fuel 
shutoff valve and a fuel bypass valve. The rotor protection system includes an 
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overboost servovalve and a soleniod valve, and is coupled to an independent speed 
sensing system. The overboost servovalve includes a plurality of fuel ports. 

In operation, when the independent sensing system senses a rotor 
overspeed condition, a signal is transmitted to the servovalve. The servovalve opens 
the flow ports in response to the overspeed signal to modify a control pressure signal 
from the fuel metering valve to the fuel bypass valve. Furthermore, as the servovalve 
is opened, a portion of fuel flowing to the fuel metering valve is diverted through the 
fuel bypass valve prior to entering the fuel metering valve. The fuel bypass valve is 
controlled in response to changes in fuel pressure created by flow through the 
servovalve; as the fuel bypass valve is opened, less fuel flows through the fuel 
metering valve. Thus, the servovalve controls the metered fuel flow to the engine 
independently of the fuel metering valve, and thus, facilitates reducing instances when 
the rotor operates at a speed greater than a pre-set operational maximum speed, known 
as an overspeed, or is accelerated with a boost greater than a pre-set operational 
maximum boost, known as an overboost. Furthermore, the servovalve can be used to 
shut the fuel shutoff valve, thus stopping fuel flow to the engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic illustration of a gas turbine engine; and 

Figure 2 is a schematic illustration of the engine shown in Figure 1 
including a rotor overspeed protection system. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a schematic illustration of a gas turbine engine 10 including 
a low pressure compressor 12, a high pressure compressor 14, and a combustor 16 
Engine 10 also includes a high pressure turbine 18, and a low pressure turbine 20 
Compressor 12 and turbine 20 are coupled by a first rotor shaft 24, and compressor 14 
and turbine 18 are coupled by a second rotor shaft 26. In one embodiment, engine 10 
is a GE90 engine available from General Electric Aircraft Engines, Cincinnati, Ohio. 
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In operation, air flows through low pressure eompressor 12 and 
compressed air is supplied from low p ressure compressor „ , Q ^ 
compressor ,4. Compressed air is then dehvered to combnstor .6 and airflow from 
combustor 16 drives turbines 18 and 20. 

F.gure 2 is a schematic illustration of engine 10 including a rotor 
overspeed protection system 40. Engine ,0 also indudes a fuel metering system 42 in 
flow communication with a fuel delivery S y Stem 44. Fuel metering system 42 
mc ludes a fite. metering valve 46, a frte, shutoff valve 48, and a me, bypass va,ve 50 
Fuel dehvery system 44 supplies frte, to engine ,0 through fuel metering system 42 
wh lch c , rols . flow Qf fue , (o engjne lo pue] metetiag ^ ^ ^ ^ 

48, and fuel bypass valve 50 are known in the art. 

Fuel is supplied to fuel metering valve 46 a, a firs, pressure, P, and 
extts fite. metering valve 46 through a fuel line 49 at a second pressure, P, Fuel' line 

49 extends between fue. metering valve 46 and fire, shutoff valve 48. Fue, metering 
system 42 controls a fiow of fue, to engine ,0 by regu,ating a flow area 54 within fire! 
metenng valve 46 while simultaneously maintaining a constant differentia, pressure A 
P across flow area 54. Differentia, pressure A P is ca,cu,a,ed as the difference 

etwecn flrs, pressure P, and second pressure P, More specificafiy, fue, bypass valve 

50 ts coupled to fire, metering va,ve 46 to operate to maintain differentia, pressure A P 
across fitel metering valve flow area 54 at a predetermined value. 

Fuel shutoff valve 48 is downstream from fuel metering valve 46 and 
rccetves fitel flow from the, metering va,ve 46 a, second pressure P, h one 
embodtment, foe, shutoff valve 48 is a pressurizing shu.offvalve. 

Rotor overspeed protection system 40 prevents engine rotors, such as 
•urbmes ,8 and 20 (shown in Fignre „, &om operating „ . ^ ^ ^ , 
set operattona, maximmn speed, known as an overspeed, or is acce.erated with a boos, 
greater man a pre-se, operationa, maximum boos,, known as an overboos,, when an 
engme independent speed sensing system (no, shown, defines norma, engine 
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operating Uk have been exceeded. Independent speed sensing systems are known 
in the art. 

Rotor overspeed protection system 40 includes an overspeed/overboost 
servovalve 60 coupled to rue! metering system 42 to provide an independent and 
secondary means of control.ing fuel flow to engine 10 if fuel metering valve 46 
becomes inoperable. Servovalve 60 is coupled to the independent sensing system and 
rece,ves electrical overspeed indications from the independent sensing system. 

Servovalve 60 includes at least one pair of electrical coils 64, a piston 
66, and a plurality of flow ports 68. Coils 64 include a primary coil 70 and a 
redundant coil 72, and provide positioning signals of varying strengths to piston 66 
Ptston 66 moves between various stroke positions in response to the electronic signals 
and m proportion to the strength of the electric signals transmitted by coils 64 The 
movement of piston 66 determines which servovalve flow ports 68 are opened 
Servovalve flow ports 68 include a first flow port 80, a second flow port 82 a third 
flow port 84, and a fourth flow port 86. Fourth flow port 86 is coupled to fuel shutoff 
valve 48. 

An airframe shutoff solenoid valve 90 is coupled to servovalve 60 and 
recetves and discharges fuel a, a pressure P hs mat is equal to or greater than firs, and 
second pressures P, and P 2 , respectively. Shutoff solenoid valve 90 inclndes an inle, 
92 and at least one discharge flow port 94 that is connected to servovalve 60 for 
d.scharging fuel at pressure P ta to an in.et 96 of servovalve 60 providing a second 
means for controlling movement of servovalve piston 66. In an alternative 
embodiment, solenoid va.ve inle. 92 is connected to pressurizing fuel shutoff valve 
48. Servova.ve first flow port 80 is coupled to a fuel supply source (no, shown) to 
receive fuel at a high pressure Ph.. 

A fuel line 100 connects to fuel line 49 downstream from fuel metering 
valve 46, and extends from fuel line 49 to fuel bypass valve 50. Fuel line 100 
mcludes a fixed restricting orifice 1 02 and delivers fuel a. a pressure P 2 . to fue. bypass 
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vaive 50. Servovaive second flow port 82 is coupied to fue, line ,00 downstrean, of 
fixed restncting orifice 1 02. ownstream of 

Fuel bypass va,ve 50 includes a fuel port ,06 that pen™ fuel to dump 

^UTT^^"'^"^ Setvova.vefl^dflowpo;;;, 
coupled to the low pressure drain. 

overspeed oonT" ° Pera ' i0n ' indePen<,em "~» — «*« 

overspeed coupons and transmits an electric signa, to servova,ve 60 Mo 

~, y , flae Cectric overspeed signa, is „ ted t0 servova J ^ 4 ^ 
-e to transiate se.ova.ve piston 66. Servovaive piston 66 moveT 2 ^ 

As piston 66 translates, servovalve second flow nnrt 89 ic 

Till ' ™ «..„ 

■—Jr-r::— rr s — rr:: 

" fM — " - ~* - engine speed ,1 ZZZ 
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If the independent sensing system continues to sense a rotor overspeed 
a «- vaiue Cectrica, signal is transmitted ,„ ™ 

IT IT hel ° WPreSSUredrain ' As ~."oves,flow P or,86is 

^connected from flow port 84 and the low pressure drain, and is then 

recerve rue, a, high pressure Pfe ^ « 

stop fuel flow to engine 10. 

sh « m ShUt ° ff S ° ,en0id 90 Pr ° VideS 3 S6C0nd ^ »— '° effect engine 
utdown. W en energized, f ue, shu,o ff so,e„oid va,ve 90 snppi.es h ig h pressure « 
P, to scrv vaive 66 «o maintain piston 66 in a W stroked position, thus causing fue, 
shutoff valve 48 to Cose and stop me, flow ,o engine 10 In an h 

valve 48 to stop fuel flow to engine 1 0. 

The above-described rotor overspeed protection system is cos. 
ffectrve and highiy accurate. The overspeed protection system con, o,s engLI 
flow mdependently of the me, metering va,ve. The combination of the LlZ 

^ " ind —' — — - - engine speeZ c 
ortybehmrted ,o a speed be,ow *«„ lor shmchrm, 1 ^ "J 

*e engme speed to be trimmed to within a norma, engine speed operating rangeTn 
manner ma, f aci,i,a,es reducing overboostmg and overspeeding o f me r!t 77 s 
- the rotor overspeed protection system prevents rotor oLpeeds i a co , 
elTective and reliable manner. s m a cost- 

While ,he invention has been described in terms of various specific 

em odmrents, those stoned in the ar, wil, recognise that the invention can bepl, d 

wm mod,fica,ion within the spirit and scope of the Cairns 



